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Claims 

1. A device regulating grow direction of nerve fiber, comprising a synthetic resin 
substrate having a surface engraved with a large number of fine grooves with the groove part 
having higher hydrophilicity than the ridge part on the surface. 

2. A method for the manufacture of a device controlling grow direction of nerve fiber 
described in Claim 1, characterized by the forming of a metal vapor deposition film on a 
synthetic resin plate, followed by the forming of a resist pattern, the etching of the metal vapor 
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deposition film using the resist pattern as a mask, then the etching of the synthetic resin using the 
metal vapor deposition film pattern obtained by removing the resist, as the mask. 

Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention concerns a synthetic resin device for controlling grow direction of 
nerve fiber and a method for making the same. 

[0002] 
Prior art 

Incubation of nerve fiber in an artificial environment and under artificial control of its 
growth is important for understanding the function of the brain and nervous system and utilizing 
nerve cells as information processing devices such as computers, etc. Nerve cells do not grow 
except in a certain period such as the embryonic period, and due to their elongated axis and 
complex branch-like protrusions, they can be easily damaged when removed fi-om body; minute 
growth factor is needed for living and nerve fiber growth, thus growing these cells in test tubes is 
very difficult. However, with recent progress in anatomy and tissue growth and the discovery and 
utilization of nerve growth factor (NGF), nerve cell growth is becoming easier. More recently, 
control of the growth of incubated nerve cells, e.g., control of the growth direction of nerve fiber, 
has become possible. 

[0003] 

Convenfional methods for controlKng the growth direction of nerve fiber include printing 
of proteins such as fibronectin, laminin, collagen, etc., and polypeptides such as polyomithin, 
polylysine, etc., in bands and growing the nerve fiber along the print (Experimental Cell Res., 
vol. 98, p. 159-69, 1976); growth of nerve fiber in the direction of an NGF concentration gradient 
(J. Cell. Biol., vol. 87, p. 546-54, 1980); changing growth direction by weak current (J. Neurosci. 
Res., vol. 13, p.245-56, 1985), etc. 

[0004] 

According to Brain Res., vol. 446, p. 189-94, 1988, Japanese Kokai Patent No. Sho 
63[1 988]-l 1 9754, a device with a regular groove structure on a quartz glass surface can be 
prepared by lithography and ion etching in combination, and nerve fiber can be extended along 
the groove direction. We prepared a stamper having a large number of grooves on the surface and 
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proposed its use for a device controlling growth of nerve fiber formed on synthetic resin and a 
method for making the same (Japanese Kokai Patent No. Hei 02[1990]-265477). 

[0005] 

Problems to be solved by the invention 

However, in growing nerve fiber along the protein or polypeptide print, unstable polymer 
with storability problems is used. The NGF concentration gradient method requires a very high 
level technology with problems in reproducibility. The weak current method has problem of no 
clear understanding of the effects of electric fields on cells. In the method of growing nerve fiber 
on a quartz glass device having a groove structure on the surface disclosed in Japanese Kokai 
Patent No. Sho 63 [1 988]- 1 19754 and the method of growing nerve fiber on a synthetic resin 
device disclosed in Japanese Kokai Patent No. Hei 02[1990]-265477, the extension direction of 
nerve fiber is along the groove direction, while nerve fiber extending across the groove is also 
observed, so the extension direction precision is not satisfactory. The present invention is to 
provide a device capable of more precise control of the growth direction of nerve fiber and a 
method for making the same. 

[0006] 

Means to solve the problem 

The present invention is based on the discovery that when a device is made fi*om a 
synthetic resin with a large number of fine grooves on the surface and the surface hydrophilicity 
of the groove part is enhanced by oxygen reactive ion etching or oxygen plasma treatment, etc., 
for a large hydrophilicity (hydrophobicity) difference between groove and ridge, nerve fiber can 
be grown precisely along the fine groove direction. As shown in Figure 1, the device of the 
present invention provides a surface with a large number of fine grooves for the part to be 
contacted with body fissue and cells. The device shown in Figure 1 has fine grooves with a width 
of 0.1-1000 |am and a depth of 0.1-1000 |im with grooves in parallel. Besides the plate form 
shown in Figure 1, the device may be in the shape of trays, spheres, fibers, cylinders, particles, 
etc. The fine undulation may not have to be fine grooves, and it can be paving stone shaped. The 
fine grooves may be linear, curved, or wavy, and they may be parallel or in any other complex 
form. The fine grooves may be in a U shape, V shape, stick shape, etc. 

[0007] 

With this device, nerve fiber grows oriented along the fine grooves. Nerve fiber can be 
grown on synthetic resins used in the present invention. Preferred resins can be etched by oxygen 
reactive ion etching or oxygen plasma treatment. Such synthetic resins are, e.g., polyacrylate 
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resins, polymethacrylate resins, polystyrene resins, etc. Preparation of the device of the present 
invention is explained with Figure 2. A synthetic resin plate (1) is coated with metal vapor by 
sputter vapor deposition, vacuum vapor deposition, etc. [Figure 2(a)]. A photoresist (3) is spin- 
coated on the metal vapor deposition film (2) [Figure 2(b)], covered with a photomask (4) with a 
desired pattern and exposed [Figure 2(c)]. The resist in the exposed part is washed off with a 
developer to form a resist pattern (5) [Figure 2(d)]. The metal film (2) is etched with an etching 
solution [Figure 2(e)]. The residual resist pattem (5) on the metal film is washed off with a 
solvent to obtain synthetic resin plate (1) with a metal film pattem copied with the photomask 
pattem [Figure 2(f)]. The synthetic resin plate with the metal film pattem is etched by oxygen 
reactive ion etching or oxygen plasma treatment [Figure 2(g)], then the metal film (6) is removed 
by an etching solution to complete a synthetic resin device (7) with the photomask (4) pattem 
[Figure 2(h)]. 

[0008] 

Metals that can be coated on the synthetic resin plate should be those that have good 
adhesive properties to synthetic resins and can be etched easily, such as aluminum, copper, 
chromium, nickel, etc., while aluminum is especially preferred. The pattem drawn on the 
photomask has a gap of 1-1000 |Lim, preferably 5-50 jim (microscopic observation) in the form of 
parallel lines, wavy curves, concentric circles, lattices, rectangles, circles, etc., connected by 
parallel straight lines in circuit shape, simple to complex patterns. 

[0009] 
Operation 

Important factors for promoting growth of nerve fiber on the synthetic resin plate include 
hydrophilicity and hydrophobicity of the synthetic resin surface. The hydrophilicity and 
hydrophobicity can be represented by the contact angle of a water droplet on the synthetic resin 
plate. It has been known that when synthetic resin is subjected to oxygen reactive ion etching or 
oxygen plasma treatment, oxygen is introduced into the surface, resulting in increased 
hydrophilicity. A synthetic resin plate having optimum hydrophobicity for the growth of nerve 
fiber when no treatment is made is subjected to oxygen reactive ion etching or oxygen plasma 
treatment for etching of only the fine grooves to obtain a device capable of controlling nerve 
fiber growth, with ridge parts with optimum hydrophobicity for nerve fiber growth and 
hydrophilic grooves not suitable for such growth. It has been known that the 
tricyclodecanyldimethyldiacrylate resin plate used in the example described later has a contact 
angle of 68° decreasing to 23° by oxygen reactive ion etching. 
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[0010] 

Application example 

A tricyclodecanyldimethyldiacrylate resin plate 2 cm in length, 2 cm in width and 0.5 
mm in thickness was vacuum-deposited with aluminum vapor to a thickness of about 0.1 [tm. 
The vacuum vapor deposition conditions under resistance heating were pressure 2x10'^ Torr and 
vapor deposition rate 5 A/sec. Then, photoresist AZ1350J (trade name, product of Hoechst Co.) 
was spin-coated then exposed through a photomask having parallel linear slits at 10 |iim gaps to 
35 mJ/cm^ and washed with developer AZ Developer (trade name, product of Hoechst Co.) to 
form a resist pattem. The exposed aluminum was removed by treating it with phosphoric acid at 
40''C, and the resist pattem was removed by resist peeling liquid AZ Remover 100 (trade name, 
product of Hoechst Co.) to obtain a resin plate having an aluminum film pattem with 10 jam 
equal spacing. The resin plate with aluminum film pattem thus formed was etched by oxygen 
reactive ion etching method (reaction conditions, power: 200 W, pressure: 0.1 Torr, treatment 
time: 3 min). The aluminum film was removed with phosphoric acid to obtain a device with a 
fine grooved stmcture of groove width 10 ^m, spacing 10 |im and depth 1 jiim. 

[0011] 

This device was used for cultivating rhizoneure extracted from an adult mouse in a 1 : 1 
mixture of Ham F-12 medium and Dulbecco MEM medium, treated with progesterone (30 mM), 
insulin (5 mg/L), transferrin (100 mg/L) and NGF (7S-NGF 200 [ig/L) in a 5% CO2 atmosphere 
at 37°C for 48 h, and nerve fiber growth was observed under a microscope. The nerve fiber grew 
on the ridge part along the groove direction. On average of 10 well extended cells, distribution of 
nerve fiber on the ridge was 95%. The ratio of nerve fiber length extended in the groove direction 
and length extended in the direction perpendicular to the groove direction was 15.1. 

[0012] 

Effects of the invention 

With the device of the present invention, the growth direction of nerve fiber can be 
controlled more precisely than before. This device can be processed more easily than quartz glass 
and can be apphed in medical devices such as nerve restoration materials, etc. According to the 
method for the manufacture of the device of the present invention, with application of micro 
processing technology such as lithography, reactive ion etching, etc., any number of devices of 
the same stmcture and shape can be prepared in a stable manner. 
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Brief description of the figures 

Figure 1 is perspective diagram of the device of the present invention. Figure 2 is a cross 
section diagram illustrating a method for the manufacture of the device of the present invention. 

Explanation of symbols 

1 synthetic resin plate 

2 metal film 

3 photoresist 

4 photomask 

5 resist pattern 

6 metal film printed with resist pattern 

7 device having micro groove structure 
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